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In recent years, the use of Virtual Reality (VR) has skyrocketed in many fields. From videogames to education, the
popularity of this technology is well known also thanks to its affordability and the growing number of available
content. An immersive approach and the correct use of gamification have been proven to be valuable tools for
learning in different fields. There are many examples of the adoption of VR application also in the healthcare
setting not only for learning purposes but also for patients’ rehabilitation. This paper is intended to list some
existing works and then present our project for an immersive serious game with the aim of enhancing the training
of healthcare workers for the assessment of stroke patients.
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1 INTRODUCTION
Real-life simulation is frequently used in clinical prac-
tice for training in the United Kingdom and further
afield. One of the most successful programmes is with
simulation training for Advanced Life Support where
regular highly structured practice improves team per-
formance. Simulation training is also taking on an in-
creasing role in the training of medical students, junior
doctors, and Allied Health Professionals in day to day
work, whether for specific procedures or specific team
practices. At Salford Royal NHS Foundation Trust
(SRFT) has been recently introduced real-time simu-
lation training for the stroke team, using a mannequin
and running through clinical scenarios relating to acute
stroke treatment.
It can be increasingly a challenge, however, in the Na-
tional Health Service, to find appropriately convenient
times to bring whole teams together in one place for
such training and the opportunity for VR training may
improve staff confidence in advance of real-time sim-
ulation training, or clinical practice, and would allow
training to be delivered simultaneously across multi-
ple sites. Whilst serious games or VR have been de-
scribed as used in the rehabilitation of stroke patients
(Cochrane review 2015, Laver et al) to our knowledge
no publications are describing the use of VR as a tool
for systematic training of healthcare professionals in-
volved in the care of patients with acute stroke.
2 VIRTUAL REALITY
For Soysa et al. Virtual Reality is intended as a Human-
Computer interface where a computer system generates
a three dimensional, sensory, immersing environment
that responds in an interactive way to the behaviour of
the user [1]. The purpose of their research was to create
a framework for VR and Virtual Instrumentation for ed-
ucational purposes, performing an evaluation of an ap-
plication based on the response of users to haptic feed-
back. Until a few years ago VR was not immediately
associated with the immersive part of the experience.
Only recently have head-mounted displays (HMD) be-
come increasingly popular and led to a natural associ-
ation with VR. Previously, many VR projects orbited
around the concept of Collaborative Virtual Environ-
ments (CVE), defined by Normand et al. as the use of
natural spatial metaphors, together with the integration
of participants and data within the same and common
spatial frame of reference [2]. For example, Nakai et
al. realised a network infrastructure for peer to peer
distributed computation on a collaborative virtual envi-
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ronment [3]. With the proper use of Level Of Details
function for 3D elements and the correct distribution of
the contents within the nodes of the peer to peer net-
work, they achieve a good level of usability and scala-
bility of the CVE system. There are many articles con-
cerning rules and guidelines for the proper use of VR
and CVE. Levels of detail is considered a crucial fea-
ture when designing a VR application also by Seo and
Kim, as they help cope with problems related to big-
ger environments or incrementally complex scenes [4].
In 1999 Noll et al. described the interaction between
users inside a shared virtual environment and how this
interaction could enhance their work. This research
covered also the areas of distributed simulation, agents
in virtual environments, and networking for large-scale
virtual environments [5]. Kuutti et al. stated that vir-
tual prototypes can be used for usability testing and the
quality of environment and models are crucial for the
success of the testing [6]. In fact, Yen and NG also
showed that Virtual Objects are successful tools for Vir-
tual Environments if they are properly implemented and
can be far more useful than simple images [7]. Further-
more, a study conducted by Drettakis et al. illustrated
an evaluation approach for real-world applications in
the context of an urban planning project, demonstrat-
ing the relevance of both audio and visual realism, such
as 3D sound, shadows, sun coverage, vegetation, and
crowds [8]. Many evaluation guidelines on VR appli-
cation for multi-disciplinary activities are addressed by
Livatino and Koffel [9]. Their two pilot studies suc-
cessfully proved the correctness and the reasonableness
of those guidelines for students and non-experts. More
recently, Bouville et al. presented a framework for de-
veloping an interactive and collaborative virtual envi-
ronment. Their system is based on a relation engine
module and a collaborative interaction engine module.
The first one manages the relations between the objects
of the environment and the collaborative interaction en-
gine manages how users can collaboratively control ob-
jects [10].
2.1 Immersive Virtual Reality
The immersive approach to Virtual Reality extended the
possible applications, the type of interactions and the
quality of the experience. Corrêa et al. researched how
a realistic 3D environment in conjunction with immer-
sive VR is perceived. Performing an evaluation on in-
teractive archaeometry, they concluded that it is possi-
ble to represent VE realistically as the real one [11].
The use of HMD has led to multiple new interaction
possibilities, reflected in the number of new studies
concerning movement, user interface and usability. For
example, Gebhardt et al. performed a study focused
on different entry selection methods for hierarchical pie
menus. They tested the use of input devices different
from the standard keyboard and mouse, and they con-
cluded that the pick-ray-based entry selection metaphor
is the most suitable for this case of study [12]. In 2014
Emma et al. described the nature of usability issues
in immersive CVE. The evaluation is performed inside
a framework where errors observed are interpreted as
rule-based mistakes. The errors are mainly connected
with tactual and/or postural issues. In fact, the lack of
tactual feedback when touching an object and the sitting
position of the participants had contributed to thwarting
the realism of the actions [13].
3 SERIOUS GAMES
VR and teaching is a well known successful combina-
tion, there are countless educational and industrial ap-
plication instances. For the field of Mechanical Engi-
neering, Muller et al. presented a preliminary study
on the use of consumer-grade VR devices, describing
how to design an immersive learning game and how to
evaluate the user experience. The first exploratory ex-
periment showed a high interest from teachers and stu-
dents, laying the foundations for future improvement of
the training in the Mechanical Engineering field [14].
Concerning learning games and safety, in 2017 Zhang
et al. designed a framework for fire safety education
implemented according to the combination of relevant
fire safety education theory and immersive VR technol-
ogy. Using an HTC VIVE helmet equipment for the
user test, they again proved the effectiveness of this
technology to help students learn fire safety knowledge,
master fire safety skills and improve fire safety educa-
tion effect [15]. Another example of immersive experi-
ence in safety education is the game developed by Vega
et al. in 2017. The design is focused on a controlled
and engaging environment to practice and learn how to
safely control a campfire. They received positive feed-
back in many competitions, although they still have to
perform a proper evaluation of the game [16]. On the
subject, Andrès et al.affirmed that "to demonstrate the
effectiveness of a serious game, a holistic evaluation
process is required". Their first objective was to evalu-
ate a serious game called Timemesh and to show the
importance of adequate evaluation process [17]. An
in-depth exemplar designed to illustrate how VR can
be used to promote aspects of Deeper Learning[18] for
high school students is provided in a paper by South-
gate. The study shows how VR can be used for self-
directed, collaborative and imaginative learning [19].
Zhang et al. explored the possible learning outcomes
derived by different the level of interaction in a single
VR learning application. Although they were not able
to find a significant correlation between level of inter-
action and learning outcome, the interaction has been
proven to be a key factor for engagement and their data
suggests that "interactivity-triggered concept visualisa-
tion and animation are more effective for learning than
automated visualisation and animation" [20].
3.1 Serious Games in Healthcare
Games are often used for training healthcare workers
and during patients rehabilitation. The proper applica-
tion of gamification techniques can be crucial to both
categories. In this regard, Ribeiro et al. in 2019 pre-
sented a system to practice dental anaesthesia tech-
niques. Their serious games allow the user to prac-
tice with or without tactile or visual aids thanks to a
haptic interface [21]. Also, Ushaw et al. proved the
help given by serious games for health. Their game for
measuring the stereoacuity of young children has been
tested by an initial user group and was proven success-
ful, although a testing protocol and rapid analysis of
the data is needed [22]. In this paper, our main re-
search objective is immersive VR and serious games
in healthcare, more specifically in the rapid assessment
and treatment of acute stroke, are relatively common
emergency neurological disease. In 2006 Kaul com-
bined gaming technology with brain wave research to
create a gaming environment that functions as a neuro-
logical learning tool, explaining that mental states can
be focused and the adoption of a content-driven envi-
ronment can help the ability to perceive information
[23]. Alankus et al. cited the importance of multi-
ple repetitions of motion with the affected limbs in pa-
tients paralysed by strokes. Considering the high rate of
unmotivated patients, home-based stroke rehabilitation
games may help motivate stroke patients to perform the
necessary exercises to recover. Starting from the pre-
vious considerations, Alankus et al. developed several
games for coping with different necessities for rehabil-
itation such impossibility of the use of hands and the
support for multiple methods of user input [24]. Those
games are not realised using VR techniques, however,
they proved their value from a therapeutic perspective
even with a limited number of tested patients. Choi, on
the other hand, presents the application of VR technol-
ogy in wound care training. The proposed application
simulates the steps for changing a wound dressing with
the help of visual cues and texts. Although this study is
not concluded yet and comprehensive evaluation is still
needed, the system has the promising benefit of facili-
tating self-learning at own pace while saving the cost of
wound dressing materials [25].
4 GAMIFICATION
Serious Games share with Gamification a similar intent,
which is learning having fun to improve the effective-
ness of teaching. Gamification, however, is the appli-
cation of game elements (such as badges and leader
boards) to other areas of activity to increase effec-
tiveness and engagement. We are then talking about
general-purpose applications instead of games, which
have fun and entertainment as primary objectives. Mar-
czewski defines Gamification as "the use of game de-
sign metaphors to create more game-like and engaging
experiences."[26] For instance, Pastushenko et al. de-
veloped a tool for the conceptual learning of electric
and electronic circuits. In this case, the student has to
modify some values on the proposed circuits in order to
obtain the correct voltage across the given components
and let the game character "surf" to the next circuit.[27].
The research proposed by Coull et al. makes use of
Gamification for developing an application capable of
simulate cybercrimes and provide training to police of-
ficers. A virtual environment is adopted to host a sce-
nario where the officers can explore a specific crime
scene and, by inspecting elements such as smartphones
and laptops, give feedback with the appropriate course
of action. The results have demonstrated the potential
of this type of training considering also a significantly
reduced cost with respect to expensive classroom-based
sessions. [28].
4.1 Gamification in Healthcare
Gamification is also a tool used for healthcare appli-
cations. Jacobs et al. designed a game for stroke sur-
vivors aimed to make the rehabilitation process more
enjoyable. Their application involves the use of com-
mon objects and a multi-touch screen to perform arm-
hand exercises in order to restore physical and cogni-
tive capabilities. The results of the test conducted on
two patients showed promising therapy results with a
noticeable improvement of their arm-hand functional-
ity [29]. An online game for medical education on in-
sulin therapy has been objective of study for Diehl et al.
The game is a tool for the education of doctors in the
treatment of patients with diabetes mellitus and Diehl
et al. collected results from 134 of them after 21 days
of interaction with the game. Two groups were formed
to study the difference between who played the game
(game group) and the control group. The absolute in-
crease in competence score and the frequency of sub-
jects who achieved a high score in the post-intervention
assessment was considerably higher in the game group
than in the control group [30]. Vascular Invaders is
a web-based study aid with game features adopted by
Gauthier et al. to perform a comparative study between
regular learning and eLearning on a group of medical
anatomy students. Their results showed the necessity
for a more exploratory study of the subject considering
the promising results [31]. Boada et al. analysed the
impact of using LISSA, a game to complement CPR
teaching, after theory introduction and before labora-
tory practice on 109 nursing undergraduate students.
Even then, the use of Gamification helped to engage the
students and better results were obtained with respect to
students that only read theory material [32].
5 SIMULATED NEUROLOGICAL
TRAINING
Neurological procedures are very complex. It is almost
impossible to simulate the whole procedure for several
reasons. Even there is a guidance and exacts assessment
instructions for the neurologists, each procedure is dif-
ferent in terms of patients medical conditions. Based
on neurological advice we have identified a clearly de-
fined project, of manageable size and complexity that
established and rigorously test the necessary technical
capabilities in an experimental setting.Real-life simu-
lated training is well established in certain medical spe-
cialties (typically emergency department, CPR training,
ICU medicine) and is being increasingly used in other
specialites. There is a a great deal of interest in the use
of simulation for the assessment and treatment of acute
stroke as it is a highly protocolised and time sensitive
treatment and with widely available stroke specialist
teams, developing efficient team working improves out-
comes for patients. The overall goal in this project was
to design and develop a virtual stroke simulator with
software support to use for simulation of acute stroke
assessment and treatment. The aim is educating health-
care professional involved in the management of acute
stroke and provide insight for young and elderly peo-
ple on the effects and symptoms of a stroke and what
to expect in the hospital setting. The proposed virtual
stroke simulator is built on a spectrum of information
acquired by a detailed literature search, input from clin-
ical studies, and through discussions with clinical neu-
rologists. We are using a standardised approach to build
the simulator based on international treatment guide-
lines and structured rating scales of stroke severity and
inclusion/exclusion criteria for the various treatments
of stroke.
One of the main issues with the training for health-
care professionals is availability and time restriction. It
can be a challenge, particularly in the modern health-
care setting, to gather a learning group in one place
for training. Therefore being able to access, either in-
dividually or as a team, an online simulation training
package could offer a solution. In the setting of busy
stroke units, the opportunity to train in a virtual envi-
ronment with one or more team members participating
in a VR game would provide enhances opportunities for
practice and refining teamwork. Furthermore, the stan-
dard training procedure involves the use of mannequins
which can be suitable for helping with only a few of the
many steps needed for assessing a real stroke case. For
example, facial palsy, aphasia and limb ataxia cannot
be shown using a mannequin and usually, they are sim-
ulated by a volunteer. By developing such simulator we
aim to improve the effectiveness of the training.
5.1 Acute Stroke Assessment
A stroke is a medical condition where the blood sup-
ply of a part of the brain is cut off and it is usually di-
agnosed by doing physical tests and studying images
of the brain produced during a scan [33]. Due to the
complexity of the assessment, our simulation is limited
to the assessment of the severity grade of the stroke
and it will be based on physical movement, facial ex-
pressions, speech and other actions necessary for the
evaluation but not currently possible to replicate us-
ing a mannequin. We decided to simulate the National
Institutes of Health Stroke Scale (NIHSS) procedure.
"The NIHSS is a 15-item neurologic examination stroke
scale used to evaluate the effect of acute cerebral in-
farction on the levels of consciousness, language, ne-
glect, visual-field loss, extraocular movement, motor
strength, ataxia, dysarthria, and sensory loss. A trained
observer rates the patent’s ability to answer questions
and perform activities. Ratings for each item are scored
with 3 to 5 grades with 0 as normal, and there is an al-
lowance for untestable items. The single patient assess-
ment requires less than 10 minutes to complete. The
evaluation of stroke severity depends upon the ability
of the observer to accurately and consistently assess the
patient."[34]
5.2 Pilot Studies
The predecessors of our project were two pilots based
on the students’ research projects. The objective was
to try to simulate a stroke case assessment by showing
a few animations related to simple evaluable actions.
For example arm or leg lifting [Figure 1]. We have
evaluated the simulation with the medical community
and a group of 5 neurologists from Salford Royal NHS
Foundation Trust. Although the pilot applications were
implemented successfully, and the novel approach well
received by the physicians who participated, the simu-
lations were far from being suitable for the trial because
of the absence of a proper procedure in developing, test-
ing and case studies.
During this preliminary testing, feedback regarding the
application included a need for better animations. It
was clear for each respondent that the game had a good
base from which to build upon but it needed more work
and animations need to be improved in their perfor-
mance for medical experts to recognise their use. The
variety of the animations was also a problem. As we
stated in the previous paragraph, in order to correctly
assess a stroke we need to analyse 15 different steps of
the assessment and this pilot projects covered only sim-
ple actions like arm and leg lift.
5.3 Future Work
We are currently working on the implementation of all
the 15 steps of the assessment. Each step is designed to
Figure 1: Screenshots from one of the pilot projects. In
the second image, the patient is asked to raise the arm
to 90 degrees since the movement is not fully achieved
the assigned rank for that task is 2.
be as realistic as possible. The level of realism is im-
portant especially for the animations of movement and
facial expressions. These features in conjunction with
the use of Virtual Reality, are the key milestones of our
simulation, which is implemented in the form of a seri-
ous game [Figure 2]. Once the game has been released,
the next step is to perform various tests aimed at evalu-
ating different aspects of the simulation. We will carry
out an evaluation for the VR learning environment to
assess the realism and the accuracy of the game, evalua-
tion of the effectiveness end the usability of our tool and
evaluation based on the comparison between the results
of the standard training and our training method. This
last step will be focused on analysing common factors
between the two methods like the time spent on each
step of the assessment throughout the training, the num-
ber of correct results or the number of training sessions
needed to learn how to correctly assess the stroke. All
those metrics will be considered as important markers
needed to affirm or dispute the efficiency of our project
as a training tool.
Figure 2: Screenshot from the new concept. The patient
is asked to raise the arm to 45 degrees and if he will be
capable of keeping the arm straight with no drift for 10
seconds the score for this step of the assessment will be
0 out of 4, where a higher score means a more severe
condition of the patient.
6 CONCLUSION
The first part of this paper aimed to conduct a detailed
literature survey on the virtual environment and seri-
ous games used in healthcare. We listed some exist-
ing methods for simulations and serious games used in
neurological clinical practice. We explained the con-
cept of Virtual Reality and the differences with Immer-
sive Virtual reality. We also described several publica-
tions in the field of Serious Games and finally Serious
Games in healthcare. We can affirm that Virtual Reality
and Serious Games represent an efficient combination
when dealing with educational problems. Their value
for learning and rehabilitation purposes is vastly ac-
knowledged and there is still the potential for improve-
ment. Many games are used for stroke rehabilitation but
we have not found any example of VR Serious Games
for the training of doctors and neurologists in the same
clinical field. Based on this necessity and starting from
a favourable state of the art on the subject we showed
two successful pilot studies and we proposed a possible
new solution to the absence of a reliable training tool
for the assessment of acute stroke patients.
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